The last few years have witnessed remarkable advances in two branches of condensed matter physics. The first deals with the experimental investigation by electron spectroscopy techniques of the laws governing the behavior of strongly correlated systems. This flourishing experimental area has been fueled most notably by potential applications of high-Tc superconductors (Kordyuk, 2012) , graphene (Dresselhaus, 2014) , graphenelike structures (Butler et al., 2013) , and layered heterostructures (Novoselov et al., 2005) to device engineering. The most remarkable outcome of this analysis is the realization that electronic states other than simple Fermi liquids occur in several materials families. Consequently, a wealth of theoretical and computational methods have been developed to describe accurately the electronic correlation in these low-dimensional many-fermion systems and to investigate unusual physical phenomena that appear in the presence of charge confinement or strong interaction. These methodological developments can be branched in two categories: selfconsistent mean-field approaches, such as Hartree-Fock (HF) and density functional, and approaches beyond mean-field, such as multi-configurational methods and manybody perturbation theory (MBPT) (Szabo and Ostlund, 1996; Onida et al., 2002) . In this regard, the new "Fermi-Dirac" physics of graphene and its derivatives represents one of the most significant case studies of interlacing novel theories and experiments so far (Taioli et al., 2009a; Haberer et al., 2010 Haberer et al., , 2011 Umari et al., 2012; Taioli, 2014) .
However, while these methods found extensive use in the specific research field for which they were tailored, mainly related to materials science, it is rather unusual to observe applications crossing the borders between different areas.
At variance, the goal of this opinion article is to provide a "bird's eye view" on a recently developed ab initio method (Taioli et al., 2009b (Taioli et al., ,c, 2010 , firstly implemented to perform spectral analysis of solids at drastically reduced computational cost. This method has been further extended, as well as successfully used, in apparently distant applications, ranging from materials science to astrophysics. Hereby, after a description of the conceptual framework behind this approach we will prove its ability to span different research fields by interpreting a specific set of physical problems in the meV to MeV range. In particular, we will discuss the Auger effect in SiO 2 (Taioli et al., 2009b) , the BEC-BCS crossover in ultracold Fermi gases (UFG) (Simonucci et al., 2011 (Simonucci et al., , 2012 Garberoglio et al., 2013) , and finally the electron capture in stellar plasma .
The physical picture, under which all the previous phenomena can be framed, is the existence of one (or many) intermediate, quasi-bound state(s) produced by an initial scattering event, embedded in the continuum represented by one or more fragments of the system under investigation.
Depending on the initial kinetic energy of the impinging projectile, the dynamics of the excited target system may undergo a resonant state before decaying. Correlation between system's many constituents in the intermediate state is the driving force to final decay, possibly leading to several outcomes characterized by a particular set of observables ("channels"). Multichannel outcomes are ultimately the fingerprint of the many-body nature of interactions. We stress that, while scattering events may be driven by different forces coupling the initial and final states, be it Coulomb as in the Auger decay or weak as in β-decay, nevertheless the common platform to all these processes is given by the discretecontinuum interaction, named after FanoFesbach (Fano, 1961) . Scattering theory aims to find positive energy solutions (scattering states) of the following many-body Hamiltonian:
where the scattering wave function |Ψ − α,∈ describes the motion of a particle asymptotically not interacting with kinetic energy ∈ α = E -E α , while the scattering center is in the state classified by the quantum numbers α. The Hamiltonian in Eq. 1 usually contains kinetic and interaction terms. For example in condensed matter systems the electronic Hamiltonian within the Born-Oppenheimer approximation is:
where, in order of appearance, we find the electron kinetic energy, the www.frontiersin.org electron-electron, and electron-nuclei Coulomb interaction terms, while N and n are, respectively, the total number of electrons of mass m at positions r i and of nuclei with charge Z k at positions R k. Fano's approach basically provides a useful way to write the scattering wavefunction by mixing the discrete quasi-bound spectrum |Φ of the Hamiltonian with N c continuum channels |χ − β,τ as follows:
where a α and C β,α are the expansion coefficients. For example, in the case of the Auger process the final channel |χ − β,τ represents an ionized target in the state β plus an electron in the continuum with kinetic energy τ.
In this regard, to determine the cross section for a given process is more suitable for implementations to write the manybody equation of motion for quantum particles (Eq. 1) in terms of the scattering Tmatrix. The T -matrix is defined as :
whereĜ(E) = (E −Ĥ + i ∈) −1 is the Green's function of the full Hamiltonian, V is the interaction potential, H and H 0 are the full and non-interacting Hamiltonian (in Eq. 1 H 0 is the sum of kinetic energy and electron-nuclei potential) and E is the total energy. This quantity calculated between initial (i) (usually free plane wave) and final (f) scattering states (Eq. 3) is a function of the possible ingoing and outgoing channels as well as of the many-body interaction potential within the scattering region. Furthermore, T is directly relatable to experiments via the scattering cross section as follows:
and to other observables such as partial decay rates into reaction channels, transition life-times, and energy levels of the target (e.g., in the Korringa-Kohn-Rostoker multiple scattering scheme (Papanikolaou et al., 2002) ). A first example of application of this multichannel scattering approach is concerned with electron spectroscopies. These techniques are based on scattering processes in which the initial state consists of a projectile, typically represented by a photon or an electron, that collides with a target, and final decay states are characterized by the presence of a few fragments recorded by some spectrometers.
Depending on the beam incident energy, the target system may undergo several processes: (i) direct emission, whereby the electron is imparted sufficient energy to be emitted from the solid; (ii) absorption, which consists in the creation of an electron-hole pair to probe the unoccupied density of states; (iii) autoionization and Auger emission, which are the results of non-radiative transitions from neutrally excited (autoionization) or singly ionized (Auger process) systems as a consequence of the impact; (iv) energy loss, when monochromatic electron beams undergo inelastic interactions, change momentum and lose energy. In these processes, the system often goes through intermediate discrete quasi-bound states with lifetimes longer than the collision times, decaying by fragmentation afterward. In this case, the driving force leading to decay is the Coulomb interaction among system's constituents. Observation of fragment types, as well as their angular and energy distribution, provides useful information on the many-particle system's properties.
Historically, the most fruitful approach toward electron spectroscopy has been to understand measured spectra within a one-electron picture . This amounts to hide electron-electron interactions by introducing the concept of quasi-particle, defined as a real particle dressed by its interaction with other electrons in the system. Whereby this picture holds, measured electron spectra and related observables (e.g., binding energies) are thus referred to quasi-particles; in this case, mean-field approaches, such as HF and DFT, are generally found in qualitative agreement with experiments.
Alternatively, one could also view electron spectra as a means to learn about electron-electron interactions. Electron correlation effects on spectral lineshapes are observed with respect to the oneelectron picture through the appearance of:
• changes in spectrum profile (both line widths and intensities); • shift in energy positions; • appearance of satellites or secondary peaks; • initial and final state effects.
Over the last few years, it has become possible to obtain electron spectra with a total energy resolution (monochromator plus electron spectrometer) considerably smaller than the linewidth of the core/valence-hole level investigated . This fact allows accurate determination of the intensity distribution also for those transitions which are split into a large number of sub-levels due to the coupling of the emitted electrons with spectator electrons, nuclei and, collective excitations (plasmons). For a quantitative interpretation of electron spectra recorded on solids, problems mainly arise in the accurate treatment of the electronic correlation, in the localization of the electron emission, in the degree of localization over the valence band, and in the energy losses suffered by the electrons in their way out of the solid.
To take into account both extrinsic and intrinsic features on the same grounds, we proposed a unified method able to calculate electron spectra in solids (Taioli et al., 2009b (Taioli et al., ,c, 2010 ) using beyond meanfield techniques. This method provides an extension of Fano's resonant multichannel scattering, allowing several intermediate quasi bound states (see Eq. 3) and solving the scattering problem by calculating the T -matrix (see Eq. 4) with appropriate boundary conditions. Within this approach, the discrete-continuum interaction modifies the spectral lineshape by including the interchannel interaction between electronic orbitals calculated from beyond mean-field first-principles techniques, while Monte Carlo is used to simulate the effect of inelastic losses on the original line-shape.
With the last step, the theoretical intrinsic spectrum is convoluted with extrinsic losses, so that it can be directly compared to "as-acquired" experimental spectra (Shirley, 1972; Tougaard, 1986) . Moreover, shake processes, electron-hole and hole-hole interactions can be considered without semiempirical parameters appearing in Hubbard-like models (Lander, 1953; Cini, 1976; Sawatzky, 1977) .
An example of application of this method to the calculation of the Si K-LL Auger spectrum in SiO 2 is reported in Figure 1A . We stress that the effect of the multichannel nature of the scattering and of the continuum-discrete interaction are both visible respectively in the variety of transitions and in the asymmetric lineshape.
Related, but in some ways even more puzzling, are the properties of UFG (Giorgini et al., 2008) , which represent the ideal playground for studying correlations within a scattering framework. Fermions repel each other due to the Pauli principle. However, recent experimental developments (Regal et al., 2003) have opened the possibility of tuning the interaction between fermionic atoms, typically alkali species, using external magnetic fields. In this way, the scattering length can be varied to values much larger than the mean interatomic distance, by forcing the system to undergo a Feshbach resonance. Under these conditions, resonant scattering between two particles may occur, in which the bound channel becomes energetically close to the continuum spectrum threshold, and may interact via discrete-continuum interaction. The theoretical methods used to describe this "unitary" regime, which is a crossover between the situation of weakly paired fermions in BCS theory and strongly coupled bosons in Bose-Einstein condensation, are mainly based on Quantum Monte Carlo and mean-field approaches (Giorgini et al., 2008) , notably the Bogoliubov-de Gennes (BdG) equations.
There are two ways in which multichannel scattering theory can be applied to study this regime. The first is the calculation of the scattering length describing the interaction strength between alkali atoms. Secondly, we demonstrated (Simonucci et al., 2011 (Simonucci et al., , 2012 Garberoglio et al., 2013) that the BdG equations used to describe this system (and thus the pairing function ∆) can be naturally written in term of the T -matrix of the underlying potential. Many-body scattering techniques, as for the case of the Auger process, can thus be applied to the assessment of the UFG properties. In particular, using this T -matrix based approach one can avoid issues related to the divergence of the interaction arising from the contact potential and, moreover, assess the effect of the actual finite range of the potential on the observables in and out the universality regime (Simonucci et al., 2011 (Simonucci et al., , 2012 Garberoglio et al., 2013) . In Figure 1B we show the application of our approach to the calculation of the main observables in a 6 Li UFG as a function of the interaction effective range appearing in the second order expansion of the T -matrix (Simonucci et al., 2011) .
To appreciate further more the general nature of our theoretical framework, we applied this multichannel scattering approach to bound-continuum interaction for determining the abundance of Li in evolved stars. This is a crucial problem to assess Big-Bang nucleosynthesis of Li and still an open issue in astrophysics (Adelberger et al., 2011) . Indeed Li production and depletion in stars is not accounted for in details and is particularly hampered by poor knowledge of how β-decay rates are affected in the rapidly varying temperature and density conditions below the envelope of stars (Adelberger et al., 2011) . Extrapolations from solar data are extremely uncertain and an accurate estimate of the electron capture on Be is needed. By applying our multichannel approach, we were able to demonstrate that the e -capture is proportional to the weak force T -matrix, and, assuming the weak force as a contact interaction, to the electron density at the nucleus ρ 0 .
Due to the high temperatures and densities found in stellar plasma (ρ > 150 g/cm 3 and T 10 7 K), e -capture may occur from both bound and continuum states. Our formalism allows one to calculate accurately the electron density at the nucleus by including bound, partially ionized, and continuum channels into the electron capture estimate on the same grounds and, thus, to go beyond the previous approaches relying on the Debye-Huckel approximation to the electronic screening (Bahcall, 1962) .
We stress that the changes in the electron density at the nucleus with respect to previously used approximations (ρ 0 and, thus, half-life as different as 30% with respect to that obtained by Bachall (Bahcall, 1962) for high density, low temperature, i.e., quantum regime) and an enhanced electron screening, which helps thermonuclear fusion, might have rather wide astrophysical consequences (e.g., for p-captures on Li). In Figure 1C , we report the new β-decay rate as a function of T and ρ.
Summarizing, in this opinion article I discussed a recently developed many-body method, based on the concept of Fano's interaction and the use of the scattering T -matrix, able to interpret a variety of physical phenomena, ranging from molecular and solid state physics to astrophysical scenarios. 
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